Left ventricular structure, function, and the coronary circulation were studied in a subset of patients with mitral valve leaflet prolapse. This group of 26 patients (21 females, five males, with mean age of 46 years), had the syndrome identified as idiopathic mitral valve prolapse (IMVP), which was characterized by a systolic click-murmur, clinical symptoms that were highly variable in duration and intensity, angiographically-documented mitral prolapse, and no obvious associated systemic or cardiovascular disease. Mitral regurgitation was of moderate degree in four, mild in 14, and absent in eight. The left ventricular (LV) end-diastolic volume index was elevated in ten of 25 (40%), the LV mass index was elevated in six of 17 (35%), but the LV anterior wall thickness was increased in only one of 17. Three major patterns of ventricular contraction were identified: 1) normal in seven; 2) abnormal, usually an inferior deformity and/or anterior asynergy, in eight; and 3) hyperkinetic in 11. Normal resting left ventricular function, assessed as an ejection fraction greater than 55%, was present in 17 of 25 (68%). Selective coronary arteriography was essentially normal in all 25 patients studied. An two of 14 had a cardiac index less than 2.5 ml/min/M2. Two of these four patients with an abnormal cardiac index or LVEDP also had a depressed ejection fraction (< 55%). Only one of the nine patients with an abnormality of left ventricular function (low cardiac index) was in the group showing a hyperkinetic contraction pattern. The average mean pulmonary artery pressure in 20 patients was 15 mm Hg and only two of 20 had mild pulmonary hypertension.
SYSTOLIC PROLAPSE of the mitral valve leaflets is a common clinical syndrome of diverse etiology. A distinct subset of these patients is now recognized in whom no apparent cause exists for mitral prolapse and no associated cardiovascular disease can be identified. This subset can be appropriately termed idiopathic mitral valve prolapse when problems known to be responsible for mitral valve prolapse such as Marfans syndrome, rheumatic valvular disease, and coronary atherosclerotic heart disease are excluded. Clinically these patients may demonstrate mid to late systolic clicks and murmurs, frequent and often atypical chest pain, various arrhythmias, and in many, a characteristic ECG abnormality (superiorly directed T vector). Some patients have shown a strong familial pattern with an autosomal dominant mode of inheritance.`4
Two important questions concerning the pathophysiology of IMVP are at present unanswered. First, it is not clear whether these patients have a form of cardiomyopathy as an important component of the syndrome. Apparent left ventricular dysfunction and regional contraction abnormalities compatible with cardiomyopathy have been described in mitral prolapse patients by several investigators.5 A cardiomyopathic process, if present, might be the primary factor leading to mitral valve prolapse and mitral regurgitation or conversely the contraction abnormalities might represent secondary manifestations of dysfunction in the mitral apparatus. The second question concerns the existence of an abnormality in the coronary circulation with resultant ischemic heart disease or ischemic cardiomyopathy in many of the patients. Coronary insufficiency is suggested by the frequent occurrence of chest pain, arrhythmias,10'12 and ECG abnormalities, as well as the infrequent reports of sudden death in these patients and their families. 1, 4, 10 The present study, in an attempt to answer these questions, investigated left ventricular dimensions, dynamic geometry, and function; coronary anatomy; and the cardiac response to stress testing in 26 patients with IMVP. These patients represented a spectrum of clinical involvement that included symptoms ranging from mild to severe, mild to moderate prolapse of one or both mitral leaflets, and mitral regurgitation ranging from none to moderate in degree. two of 14 had a cardiac index less than 2.5 ml/min/M2. Two of these four patients with an abnormal cardiac index or LVEDP also had a depressed ejection fraction (< 55%). Only one of the nine patients with an abnormality of left ventricular function (low cardiac index) was in the group showing a hyperkinetic contraction pattern. The average mean pulmonary artery pressure in 20 patients was 15 mm Hg and only two of 20 had mild pulmonary hypertension.
Coronary arteriography demonstrated a normal distribution and anatomy of coronary vessels in all 25 patients studied although six arteriograms showed minor luminal irregularities not felt to be of clinical significance. A right dominant coronary pattern was present in 21 arteriograms, the circulation was balanced in one, and was left dominant in three.
Treadmill exercise tests were judged to be maximal or near maximal in 12 of 14 patients tested and showed an average TDS of 6.2 min and an average angina and one atypical). One of these also showed ST-segment depression as did one additional patient without pain. Coronary arterio-venous lactate responses to pacing were normal in four of five patients tested. In the remaining patient a pattern of myocardial lactate extraction (17%) was present at a post atropine control rate of 96 beats/min but converted to lactate production (16% and 12%) at paced rates of 160 Several investigators have performed hemodynamic studies in IMVP and in most instances have reported normal resting left ventricular function.5' 9, 20, 21 A recent report by Gulotta and associates describes left ventricular dysfunction at rest or with exercise in 26 patients with IMVP associated with severe symptoms or moderate to severe mitral regurgitation. 8 Nevertheless, normal resting ventricular function (EF > 55%; CI > 2.5 ml/min/m2; and LVEDP < 12 mmHg) was present in 16 of Gulotta's 26 patients and in ten the ejection fraction was above 75 %. Abnormal cardiac responses to exercise defined by a diminished forward cardiac output to oxygen consumption index were present in only nine of the group. In addition, 54% of this series had left ventricular hypertrophy based on angiographic measurements of left ventricular anterior wall thickness.
Although many patients with mitral valve prolapse have demonstrated normal left ventricular angiographic patterns, attention has been drawn to a considerable number of patients who manifest regional contraction abnormalities on left ventriculography. Ehlers and associates5 have described " posteroinferior bulging" into the left ventricular cavity during systole and similar findings are present on the ventriculograms in other reports.2`Scampardonis et al. 7 found a posterior-inferior systolic contraction deformity, often associated with early diastolic relaxation of the anterior ventricular wall, in 49 of 87 patients who had some form of the mitral prolapse syndrome. Twenty of the 26 patients studied by Gulotta et al. 8 had evidence of anterolateral wall hypokinesis and two showed postero-inferior contraction deformities. Six of our eight patients with an abnormal ventricular contraction pattern had some combination of postero-inferior and anterior wall deformity. The hyperkinetic pattern present on 11 of our angiograms has been observed in a few cases from two series of angiographic studies.7 22
The pathophysiology of the postero-inferior and anterior contraction abnormalities has not been adequately defined. Two mechanisms are readily suggested from an analysis of the angiographic data: 1) an asynchronous ventricular contraction or a regional area of hypercontraction of unknown etiology may be responsible for an inferior inward bulge, and perhaps for anterior asynergy as well; and 2) an unusually prominent or malpositioned papillary muscle or muscles may cause the deformity. After reviewing the ventriculograms from our patients with contraction abnormalities, as well as the illustrations accompanying many of the published reports, we favor the latter explanation. At least two mechanisms may lead to papillary muscle induced deformities of the ventricular contraction pattern. First, one or both papillary muscles may be subjected to excessive chordal "pull" from the tense prolapsed leaflets and become malaligned along with a portion of ventricular wall during the late stages of systole.23 Secondly, the deformity may represent asynchronous, i.e., delayed or incomplete, contraction of the papillary muscle(s) with malposition during systole. The primary case for this asynergistic or inadequate papillary muscle contraction might be regional ischemia or chronic excessive stress imposed by the prolapsed leaflet(s). Liedtke et al. have described an altered systolic relation of the inferior papillary muscle tip to the mitral valve ring in patients with idiopathic mitral prolapse and have attributed this to incomplete papillary muscle contraction.6 The late systolic hypokinesis or outward bulging of the anterolateral ventricular wall is most likely due either to an accentuation of normal asymmetric early diastolic relaxation as described by Altieri et al. 24 or to early relaxation of the papillary muscle and underlying ventricular wall.
Large vessel coronary artery anatomy was normal in the 25 patients studied in our laboratory and in vir-tually all of the reported experience with coronary arteriography in the mitral prolapse syndrome. 21, 27, 28 Until further studies are available there is no reason to assume that myxomatous changes are the underlying factor in the majority of patients with IMVP. An additional mechanism may be necessary to allow development of a clinical picture that includes mitral regurgitation, atypical chest pain, ECG abnormalities, arrhythmias, and ventricular dysfunction or an angiographic contraction deformity. This mechanism or accelerating factor may simply be the magnitude of leaflet redundancy, chordal length, or papillary muscle damage; the extent of progression in a myxomatous process; or a ventricular factor such as the hyperkinetic contraction pattern observed in many of our patients. A hyperkinetic ventricular contraction would favor prolapse of a defective mitral apparatus and this in turn could result in additional stress being applied to the defective leaflet, chordae or papillary muscle with further prolapse. Of considerable interest in this respect is the observation that mitral leaflet ballooning may occur in the small, hyperkinetic ventricle of patients with idiopathic hypertrophic subaortic stenosis.22 In both of these conditions, i.e., our patients with hyperkinetic contraction and patients with IHSS, the ventricle is disproportionally small in comparison to the mitral valve apparatus.
When mitral prolapse becomes established the prolapsed leaflet(s) presents a greater than normal surface area for the development of pressure stress and therefore permits excessive stress on the chordae and papillary muscles. As previously described this chronic overload on the papillary muscle and adjacent ventricular wall may result in local ischemia and/or asynergy with the production of a contraction abnormality, pain, arrhythmias, and T vector abnormalities on electrocardiography. The presence of significant mitral regurgitation in addition to regional asynergy may in a few patients lead to ventricular dilatation, hypertrophy, and dysfunction. The proposed relationships between factors that may be operative in the pathogenesis of IMVP are summarized in figure 2 .
In conclusion, we feel that IMVP is a common, usually benign abnormality of the mitral valve apparatus that in selected individuals may progress to a stage involving significant mitral regurgitation, ventricular dilatation, and severe stress with mid to late systolic displacement and dysfunction of a papillary muscle(s). The characteristic ventriculographic deformity, the "ischemic" electrocardiogram, and many of the recurrent arrhythmias, sometimes life threatening, are the result of regional ventricular dysfunction 
